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Origin of Mass: the Higgs Boson | o

Standard Model does great job describing physics at weak scale
One of the open questions within the SM:

How to generate masses of fermions and gauge bosons within
the fundamental theory of particle interactions?

What is the Electroweak symmetry breaking mechanism?

Higgs mechanism provides a gauge invariant theory of

Electroweak interactions with massive W= and Z bosons

One complex scalar field doublet ¢ Lhiggs = (0,0)1(0"¢) — V()
After spontaneous symmetry breaking: V(6) = 12616 + A(676)2
* Goldstone bosons become W=, Z gauge bosons o o

* Second component of ¢ generates Higgs boson H
Eny X My

Theory g om? The Higgs Mass my, is

predicts: o o /. unknown in the SM but
expected to be <1 TeV

Re(4)
vacuum expectation: v = 246 GeV
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Experimental constrains on the Higgs Mass ™"

6 July 2011 - ml. ::161 GaV
{ W Ax? from fit to electroweak measurements from
_ g ad ~ _ o
> i —oo270:000003  Jf LEP, SLD and Tevatron assuming the SM
L3 0.0274940.00010 @
4 . .'-...‘:" incl. low Q° data | - 34
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Upper bound: 7 <161GeV

= N& 7 _ LEP  v5=200209 Gev Tight
> - 4 Dam
e e 6 [
Nl - LEP direct search: $ ¢} Llmwm
100 300 ~ sk I signal (115 GeV/c?)
m, [GeV] M > 1 14 4 GeV *3 | all >109 GeV/c?
H . g 4 [Data 18 4
Tevatron Run Il Preliminary, L < 8.6 o™ = [ |Backgd| 14 12
= — 3 [isignal | 29 22
7 ﬁ
= 2 > ¢+
E :
3 :
o\o 0 [ L . L i reilremeriond M (PO N TR (N O R
To)
(o))

mrec (GeV/c?)
VA 1 Tevatron exclusion @ 95% CL (July 2011):
100 110 120 130 140 150 160 1%0 1%3 190 éoo 100-108GeV 156-177 GeV

mH(GeV/c )

Higgs Searches at the LHC: M. Vazquez Acosta (Imperial) SUSY2011 Conference, 30/08, 2011 - 3



Search for the Higgs (@ the LHC
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LLarge Hadron Collider

» pp: Vs =14 TeV, Ly, = 103 cm? 571 (after 2014)
VS(LHC) ~ 7 Vs (Tevatron), design (LHC) ~100 L., (Tevatron)
. Heavy ions: (e.g. Pb-Pb at Vs ~ 1000 TeV)

P

N

" ATLAS and CMS
pp, general purpose

— e

| 2011-2012: vs = 7 TeV
“" L, few x 10 cm 5!

1n1t1al

=~ e DR W T

< The Large Hadron Colllder

is a 27 km long collider ring
“>¢| housed in a tunnel about 100 m
underground near Geneva
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LHC: Integra!ed Luminosity nperl olege
I
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PRELIMINARY
|

LHC 2011 RUN (3.5 TeV/beam)

March April  May

June  July August

Month in 2011

The data collected has opened up

the door for Higgs searches @ LHC!

Peak luminosity (10> cm~2s™")

Initial Goal:
1 fb-! by end of 2011!

LHC 2011 RUN (3.5 TeV/beam)
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Peak luminosity: 2E33 cm2 s-!

<number Pile-Up events>~ 6
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ATLAS and CMS Experiments nperl olege

Inner detector: pixel+SCT+TRT B = 2T solenoid 45 m —>
G/pTz 10'05%pT @ 1% |ﬂr|| < 2.5 Muon Detectors Tile Calorimeter  Liquid Aroon EE 7000 Tons
ATLAS | m

/

EM Calo: Lead-LAr calorimeter
6/E = 10%/NE ©0.7% n| < 3.2

Hadronic calorimeter: |
Steel+Scintillator o/E = 50%/VE ©3% n| <3.2 . f

\ =
Copper+LAr o/E = 100%/VE ®10% 3.1 <[y| < 4.9/‘§ il ¥ \.’1

Muon spectrometer: superconducting toroid magnet
o/p= 2% @ 50 GeV |n| <2.7

Silicon tracker |n| < 2.5, B = 3.8T solenoid
6/p= 1.5°10*p . @ 0.005
pT pT CMS

Calorimetry M|gcar<3> Mlgcar<3
ECAL: PbWO4 crystals, high resolution M(yy)

6/E = 2.8%E © 12%/E & 0.3% Nt &
HCAL: brass+Scintillator ¢/E =~ 100%/VE & 0.0SN

Muon Spectrometer: B = 2T (solenoid return yoke)
o/p= 1% @ 40 GeV |n| <2.4
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Standard Model Higgs Production @LHC ™ ks

gluon-gluon fusion dominant production mechamsm

\'s=7 TeV

LHC HIGGS XS WG 2010

1072 =
- | Vector boson fusion
100 200 300/ 400 500 1000
[GeV]

¥q

,/

Branching ratios

Higgs Strahlung

9 —*-—{,L wz

WW, ZZ fusion - :jf—»m 0088000000 " -
,‘\l
JIWeZ 1 fusion :

" W, Z bremsstrah ung

107E

10°°

Branching Ratios

LHC HIGGS XS WG 2010

100
Decay modes studied:

Y
TT

bb
WWwW
17

71000
M, [GeV]

200 300 500

low My range

Higgs Searches at the LHC: M. Vazquez Acosta (Imperial)

SUSY2011 Conference, 30/08, 2011 - 8



Standard Model Higgs Searches @LHC  mpria Colege

Cross Section x BR Channel . Lumi my,
anne Xp. bl (GeV)
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8 F \s=7Tev sM i ATLAS 11  110-150
x| 18 BN CMS 17  110-150
< F EE ATLAS 1.1  100-150

CMS 1.6 110-145

WH—bb, ZH—bb ATLAS 1.0 110-130
CMS 1.1 110-135

ATLAS 1.7 110-240
CMS 1.5 110-600

—h
=

—
Q
\S}

H->WW-olvly (0 & 1 jet)

10° | | VBFH>WWolvly CMS 15  110-600
=e,u 3

V=Vol,Vo | HoWW—lvag 0 & 1jet) ATLAS 1.0 240-600
q = udscb -

10 ' St ATLAS 2.0-2.3 110-600

100 300 400 500 e I
M, [GeV]

: CMS 1.1 180-600
LHC Higgs Cross Section WG ATLAS 1.0  200-600

arXiv:1101.0593 [hep-ph] (==l CMS 1.6  250-600

, , HZZ—212q ATLAS 1.0  200-600
Common inputs in ATLAS/CMS BRI EEIrD) CMS 1.6  226-600
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SM Higgs Searches @ LHC:
low mass searches

E 10_ T T T
S [ Ns=7TeV SM
o B
M
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o -
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B H—-F b V= 'V V Ve
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ATLAS & CMS: H—yy

Small branching fraction but clean narrow peak on top steep falling background
Challenges:

- Electromagnetic calorimeter calibration
- Determination of primary vertex in events with ~ 6 pile-up events
* Improve sensitivity:
Different y categories with different expected di-y mass resolution

CMS Converted
Uncoverted

Both in the barrel

Other combinations

ATLAS: barrel unconverted y \
x10°
>0.16_Il|||I|IIllllIIIIIIIIIIIllllIlIIIlIIII||Il||||l||_ (\T\ E
8 - ATLAS Simulation Preliminary ‘;’ 350 # Simulation
0 014 L - 8 C
o - ‘ - —— Parametric Model
5 0. o ﬁ E o 300F
C : o, = 1.58 GeVic?
g 01 | { 5 20
K®) r | =~ -
kY E ‘ ©200F  FwHM =297 Gevic?
2 008 i i 2200, v
< 0.06F | ; @ 190
0'04:_ * ' 100;—
0.02 50;

5 100 105 110 115 120 125 130 135 140 145

m, [GeV]

CMS preliminary
Simulation

p¥'<40 GeV
Max(ml)<1.5
Min(Rg)>0.94

o~ 1.6 GeV

CMS: expected improvements on
laser calibration corrections due
to crystal transparency loss

120

m,, (GeV/c?)

p(yy)> 40 GeV for fermiophobic searches
pYy)< 40 GeV
INAGCE Converted & Uncoverted § Central & Transition & Other

CMS: barrel uncoverted, p,""< 40 GeV

Similar di-y mass resolution:

— similar Higgs sensitivity
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Events / 2 GeV

ATLAS & HMS H—>W o e

t g g s U

Backgrounds :
* Irreducible: yy (+jets)

g

B[ JaTaTaTsTalsaliTe)
Fragmentationw‘: Box T

q o
Born

* Reducible: y/ jet(s),jet(s)/jet(s)
* Drell-Yan: both e misidentified as y

No significant excess seen!

~15-20% uncertainty in
MC, but MC is not used!

400¢ Data 2011\s =7 TeV, I B i1} 1

I
R

MS preliminary

350 ATLAS Preliminary _+_Data = 8 700 Vs=7TeVL=1661b" [ 2promety
- ] [] 1 prompty 1 fake y
300 .MC m,=120 GeV, 5xSM g« 600
u 1 %
250F Total background (Fit)y 1 & 500
- i ©
E 1 2 400
200 3
- ] 300
150 =
- . 200
1005— +{_ 0o
59 PR T T [ T T TS ST T T AN S T T [ S N S S E o | . ’ - uA
00 1o 120 130 140 150 160 %0 90 100 110 120 130 140 150 160 170 180

m,, [GeV] m,, (GeV/c?)
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Events /2.0 GeV

250%— ——— Exponential fit
200F-
150E-
100E-
SoF Background Model: =
- exponential ., . T
00 10 120 730 140 150

300

ATLAS & CMS: H—yy

450: T T T T
4002_ ATLAS Prellmlnary
3506 Data 2011 \s=7TeV, J Ldt=1.08 fb"
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® Data 2011

ri|_||||||||||||||||||||||||||||||||||

Sensitivity: 3-5 Ogy,
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IIII|IIII|IIII|IIII|III

2"d-grder polynomial

2
o

Sensitivity 2.7-4.7 Ogy,
Observed: 1.3- 8 GSM

L | L )
140 160
m,, (GeV/c?)

B CMS 1.66 fb!

I
3 0% MS prellmmary : Observed CLs Limit
- F -+« Expected CL_ limit 17 18* TTeVL 16667
o [ + 1 - 1+ i mmee Observed Bayeslan Limit
o [ t 1o ATLAS Preliminary 1% 16¢ H_>
® | + 26 Data 2011, \5 = 7 TeV I \g 1 4;_ 'Y'Y e Median Expected CLs Limit
= ) b | + 10 Expected CL
@ H—yy JLdt - 1.081" = 4o +loExpected Gl
=108 iy
1 - : L 10 Wlth LEE
z o
&) i
& 61
l: I 5 G~ NG N B st S
—_[ 1 1 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 1 1 1 1 l 11 1 1 l 11 1 l 1 1 1 1 l: 2+ E E H E E ..... i o 1x
110 115 120 125 130 135 140 145 150 -i-l L1 1 i | I i | I ] | I i 11 11 ] | I i | I i | I Cs“
%% 115 120 125 130 135 140 145 150
M, [GeV] m,, (GeV/c?)

Higgs Searches at the LHC: M. Vazquez Acosta (Imperial)

SUSY2011 Conference, 30/08, 2011 - 13



Imperial College

CMS Fermiophobic Higgs: H—yy e

¢

g g fusion : HO

q

WW, ZZ fusion :

HO

No gg fusion or
associated production

q w,Z
wW.Z
I

— HO
q W, Z bremsstrahlung

Expected Exclusion: 110-116.5 GeV

Observed Exclusion: 110-112 GeV

15! ‘|02§ T T T T T T T T T T T T T T T E é
?‘ - Ns=7TeV Fermiophobic{ £
g | WW (SM) 18 &
» 10% .............................. =
5 = T e 1 110
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1 g
3 .......
..... s f
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10 ER
IR . 1 -
~~~~~~~~~~~~~ 1 S :
L - 5 i
10-2 = E 10 :"_
- _Zy (SM) . =
10-3 i i 1 1 | "I" 1 ..'.I .... I. 1 1 1 1 ] : ......
100 150 200 250

Obs.erved CL§ Limit
Observed Bayesian Limit
Median Expected CLs Limit
+ 10 Expected CLs

+ 20 Expected CLs

Ili‘lIII|IIII‘IIIIIIIIIII‘IIII'IIII1IIII

Enhanced yy cross section x BR '

115 120 125

130

135 140 145 150
m,, (GeV/c?)
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ATLAS & CMS: H—tt

2"d largest Branching Ratio (~8%) at low mass
Challenges:
- Reconstruction of different tau decay modes

Hadronic tau (t,,,) reconstruction
- Reconstruction of di-t mass (presence of v's)

3.0%
CMS Preliminary 2010,\ s=7 TeV, 36 pb

- 0.8 I T
. = @
CMS: Thad reconstructmn. | g cms B3
particle-flow based algorithm o6 gi:: 8
[@acb + @
hadron hadron+strip 3 hadrons g
P oor e e e el 0.4
Py ‘47./1 7 :c"!
J ¢ 3
l:'/-' 0.2 - \8-
¥ 1)
@
0 (S
n 10(s) nn
Di-t mass reconstruction reconstructed T decay mode

CMS: Visible mass — full mass results in preparation
ATLAS: Full mass with Missing Mass Calculator (MMC)
Sophisticated version of the Collinear Approximation

23.1%

Imperial College

® mu + had ATLAS

e + had CMS
e+ mu

B mu+mu

B had + had &—ATLAS
We+te

CMS Preliminary 2010,\ s=7 TeV, 36 pb’

-

o
™
|

| -m- HPS, Wajet

T T

PTDR, W+jet
> PTDR, QCDy D
®- TaNC, Wejel o
- TaNC, QCDy

- HPS, QCDy

CMS

o
(%}

0.1

| |
0.2 0.3 04 0.5 0€
expecled t efficiency

e Fake rate ~ 1%
6% uncertainty
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Events / 10 GeV

Events / 20 GeV

ATLAS: H-1T Fmperlal College
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CMS: H—7t - Vector Boson Fusion e

* VBF Category
exactly 2 jets with p> 30 GeV in opposite hemispheres: An;.> 3.5, M;> 350 GeV

* no VBF Category

[ [ [ (D KJ [ ) Ho T
<2 jets with p> 30 GeV or 2 jets failing VBF criteria WIZ 3===r=mmms {
T
0 el VBE
z ) = - CMS Prellmlnary . o 0 o
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Bk o M - -—— (10x) H>Tt m=120 1
(o0t et : ~omnes | | Observed: 6-16 ogy,
- 15:_ E tEfI_)TtT eak —: g w R L] L] L] L] L] L] L] L] L] L] L] L] l-
E Electroweak 1 Jacp _ li CLs Limits (95% CL) E
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ATLAS & CMS: H—bb Imperial College
W/Z. Associated production

q/ W/zZ

Entries / 10 GeV

Largest Branching Ratio at low mass Talk Thursday
Challenges: Conde Muino
Control of large SM background g H

— study of Higgs associated production CMS
B-tagging WH—Ivbb 165 GeV 160 GeV
Increased sensitivity: boosted analysis in CMS ZH—1lbb 100 GeV 100 GeV
ATLAS: main systematics from b-tagging ~16 % ZH—vvbb 160 GeV

and jet-energy-scale ~9%

ZH—vvbb
zH—~lbb FOWEY  WH—wbb FWEY - LS |
. _ reliminary epata  [Jlaco 3
45— ATLAS| Prellmlnary . data . 220 ATLAS Pre||m|nary ' e el —; (oD s = 7TeV,L=1.1fb" =vH115) [[z+udscg
40 | Lastoate’ -?r;]gzﬁ'é?gev); 200- JLdt_104 " -(Sr%i'ﬁ'fszgevrg S 10°EZ(w)H(bb) EW E:v“’bd E
o H ] C — Total 4 = C i +udscg 7
35F — Total BG = }285_ *;HBG E § - |:|tstt fw-+bb 1
25;— Diboson —; 1 20?_ o ,\Dﬂmfeotn E i
20 100 3 E
15F + 80F i
10F 60F 10
5E 40¢ B e -
OE o e O S P e 20:_;{ - 3 10% =
0 50 100 150 200 250 O— — v S A N
0 50 100 150 200 2,: 0 50 100 150 200 250 300
m, [GeV]
m,, [GeV] M, [GeV]
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ATLAS& VS Hoph i

95% C.L. Limit on 0/03,\,I
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o x BR [pb]

SM Higgs Searches @ LHC:
extension to high mass

1 O E T T T
- \s=7TeV SM
1 WW — Fvgg =
10" YN
\\ 77 — IMqq
1072k ZZ — ['Twv
sl 77 — T ]
10 = VBFH—t1 |=e,u 1
- AWWH — FFvbb V = VeViVy |
ZH — I''bb L g = udscb
-4 | | ] ]
10700 200 300 400 500
M, [GeV]

LHC HIGGS XS WG 2011

10

H—WW
H—Z77
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C j Ldt=0.035-1.04b"
B Ns=7TeV
E Theory
L = Data 2010 (~35pb™)
- o Data 2011
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L i I 1o
= I
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SM di-boson production well understood



ATLAS & CMS: H--WW-—=lvlv

Imperial College

Highest sensitivity channel in M;~130-200 GeV range

Challenges:

- Full mass reconstruction not possible: m; = JE +Er™ Y (p"

- Large SM backgrounds: WW (irreducible), Drell-Yan and top
Increased sensitivity: 0, 1, 2 jet categories. 2-jets: VBF selection

Talks Thursday
G. Cerati
H. Gray

+p711111ss 2

@{. v

~

H—=WW: small lepton opening angle A¢, due to spin correlations compavi‘ed to WW
Z+Jets, WZ,77: Large E,™ & Z mass WlndOW cuts, tt+jets: anti b-tag selection
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Cut analysis: topological selections on m,, p;", my, Ad, for different my
Multi-variant analysis in preparation
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ATLAS & CMS H—>WW-—lvlv e (iree

b ' t ' = 10¢
B » ATLAS Prellmlnary CLs lel'[S o S _ _
s 10°E HowwOowy 3 B °F ONIEN  m 95% G xclusion: 5% pand
S F — Observed SWW 1 2 E 95% CL exclusion: 95% band
P - --- Expected 4 1 E E —=— observed
I= . W:io Ldt=1.7fb 37
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(=]

120 140 160 180 200 220 240 260 280 300 0 120 140 160 180 200 220 240 260 280 300
my, [GeV] Higgs mass, m [GeV/c’]

A Standard Model Higgs boson A Standard Model Higgs boson

with 154 < m;<186 GeV with 147 < my<194 GeV
is excluded at 95% CL is excluded at 95% CL
Expected exclusion: Expected exclusion:
135 < my<196 GeV 136 < my<200 GeV

Observed limit is within 20 of expected one in mass range 130-150 GeV
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ATLAS & CMS: H—-Z7—41

Imperial College

Cleanest channel at high mass with good mass resolution but low statistics
Main background from ZZ
Challenge: reconstruction of low-p, isolated leptons with pile-up
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4 leptons candidate : 2e2u

CMS Experiment at LHC, CERN

Data recorded: Sat Apr 23 21:25:22 2011 CEST
Run/Event: 163334 / 286336207

Lumi section: 499

Orbit/Crossing: 130640607 / 366

4 isolated leptons
M, = 163 GeV/c?

4 leptons from the same vertex.

2 leptons pairs
Z (p+u-) : m =94 GeV/c?
Z*(e+e-) : m = 65 GeV/c?




ATLAS & CMS: H—>77—4] Imperial College

Lonclon

UE-, 20 1 96 2.28 fb_l x s | CMS preliminary 2011 | 1.66fb"!at\I§=7T?V
2 18t ATLAS Preliminary 4 © 15 Gl Observed L A
c 1 H— ZZ —> 4| _ © : ------- CL Expected Limit :
S 16 JLdt = 1.96-2.28 " BN ] [ L, Expected = o ]
g 14‘ s=7 TeV ] -E ,_ [ ] ClgExpected =20 |
D 120 — Observed CL = 10}
e Expected CL o) H—>ZZ—>4l
o 10¢ E+10 NS z
- S .
n o ;
ol ¢ H—ZZ—41 4 51
4t =
2F 7 : ; ‘ .
S | | | . Qoo 200 300 400 500 600
O | | | | | | | | | | | | | | | | | | | |
200 300 400 500 600 MH G eV/cz]

my [GeV]

Sensitivity very close to the SM cross section at high mass
1-2 oy excluded at 95% CL in mass range 150 < my <420 GeV

CMS also studied H—ZZ—212% (backup): excluded 10 og,, between 200-400 GeV
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ATLAS & CMS: H—>Z7Z—212v e ey
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Events / 25 GeV

ATLAS & CMS;: H—ZZ—212q sl e
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95% CL limit on o/cg,,

ATLAS"'CMS: Standard MOdel HiggS Imperial College
Combined ' Exclusion Limits

95% CL limit on c/cg,,

; Exp > H—syy (1.08 tb™) -E-xp. > H— 2Z— 1l (1.96-2.28 fb") ;
| .- Hos WW— Iviv (1.70fb™) oo ——— H— ZZ— llqq (1.04 1) |
AP wewnom iy - —wzewony 1 ATLAS and CMS have agreed on
10E /A statistical methods for Higgs searches:
- "4 Modified Frequentist CLg limits
- ] Bayesian approach used as cross-check
1 :._ ........................................................................ _:
:ATLAS Prelirr;i.r;ary ILdt~1.O-2.3fb'1,\s:7TeV CLs Iimits: B k d bt . d f
0 mo a0 a0 se0 eoo - acKgrounds are obtained irom
my, [GeV] data-driven methods
102 CMS Preliminary, \s 27 eV~ [—— Combned penes | = Correlated uncertainties (eg. lumi)
-\ = S %1;%2%3; { considered
- tie) || - Systematics uncertainties are treated as
(1.6 b
MEc e e e 4 nuisance parameters 0 & are "profiled"
- =77 based on the data
I -~ - Careful treatment of theoretical
1 = . °
- N FTVVE IR 1 uncertainties (common to ATLAS
o T deMs)
100 200 300 400 500 600

Higgs boson mass (GeV/c?)
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ATLAS & CMSTStandard Model Higgs i colege

Comblned Exclusmn Limits London
b% - ATLAS Prellmlnary  CLsLimits 1 % [ CMSPreiiminary,Ns=7TeV [ Opseved |
E i — Observed % Combined, L_ =1.1-1.7 b’ B Expected = 1o
;g ol ;fﬁpjded ILdt =1.0-2.3 1" | fé’ e e
C:)) - |:| +2¢6 \s=7TeV 8
R N T
|
e e T 55 oo e (G 5
Standard Model Higgs boson Standard Model Higgs boson
is excluded at 95% CL: is excluded at 95% CL:
146 < my<232 GeV 145 < my<216 GeV
256<my<282 GeV 226<my<288 GeV
296<m;<466 GeV 310<my<400 GeV

No significant excess (<20) is found in mass range between 110-600 GeV
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CMS: Stand
Combined E3

viodel Higgs Imperial College
ion Limits el
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ATLAS: Observed Combined p-value ™7“%

p-value estimates probability of upward background fluctuation
as high or higher than the excesses observed in data

eaae Latest Results wanman L PS Results

° 1 ;_' IATLIAS Il:’rlellir‘lnilnlary _; &y %— ATLAS Preliminary 3
, E --------------------------------------------------------------- 1 26 - .
10°¢ - S5 0% E
_3; ---------------- ‘\‘ --------------------- : -‘,-'-'-'-?-----------------------_i’ 30 E E
10 B - 107 Do E
al - - i i — Observed 4]
1 O E_ \“ ',' —E 4 10_4 - ‘.‘ RS Expected Ldt =1.0-1.2 fb -
oo e SRR FrmTr s 4 40 = W2 =7TeV |
105 &~ Observed ! 4 - 3g ' © ]
CBpected 0 JEETITEIR 3 ot
10® = \s=7TeV E . m,, [GeV]
10-7 _l oo b b by by oy by by by 1_ The Overall consistency Of excesses
100120 140 160 180 200 220mH%é(<)eV] with expected signal from presence
EPS results of Standard Model signal is displayed

127 GeV: broad excess in WW—lvlv and excess in H—>yy =®»more data less significant
245 GeV: 20 excess due to accumulation of ZZ—>4l events =®more data less significant
144 GeV: 2.80 excess due to broad excess in WW—lvlv and 1 ZZ—4l event =»more data
significance 20, with probability of a background fluctuation at the percent level
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CMS: Observed Combined p-value 0

The p-value curve dips downward over a broad range of low masses,
driven by broad excess seen in WW—lvlv, with a few narrower features
corresponding to ZZ—4l events and modulations seen in H—yy
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- : ' (] = — imi = i = - 1 .
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B "‘ i Interpretation requires look-elsewhere effect correction Hao

) I R s CMS Preliminary, \s = 7 TeV 30 e

107 | : 3 E
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O e — bb 1.1 ! - -

S T H_)TT 2(1'1 fftt))'ﬁ i : ﬂ :
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- eIseLwhere effecl:t correctlorj IIIIIIIIIIIIII g P ((1 1 fb.1)) 146 -

120 140 160 180 200 220 00 200 300 400 500 600

Higgs boson mass (GeV/c?) Higgs boson mass (GeV/c?)

The minimum local p-value is p,;, =0.01 with local significance Z_, = 2.30.
After considering the look-elsewhere effect, the probability to see an excess at
least as large as the one observed in data is 0.4.

Best fit for u=0/0gy My: 117-120 GeV: 1xSM, 140 GeV: 0.6xSM

— With the current amount of data, the excess is not significant
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Standard Model + 4" generation mperia Colge

London
Enhanced WW/ZZ cross section _ _——
T — o> £ ATLAS Preliminary CLs Limits ]
\D(: . HIGLU SM4 g i — Observed 4™ Generation Model -
= - o
s gk - 10 ---- Expected I ~ e
i : g - W+ Ldt =1.0-2.3 b ;
B 0 1 e
"
- _ (0)) [

4 M,,=600GeV | -

QL(M )Nw Enhanced ggH 1 107 =
RSy cross section | - : E
ettt ] i 4th generation SM

fbo 200 300 400 500 600 gl o e

M. [GeV 200 300 400 500 600
H [GeV]
m, [GeV]
Unitarity arguments: M,< 500 GeV
Phys.Rev. D 40 (1989) 1725 Higgs boson in SM+4t" Generation
Interesting mass range: 400-600 GeV excluded @95% ClL.:
Phys. Rev. D76 (2007) 075016 120 < m;<600 GeV

M,,=M, ;=600 GeV
My, - Mp, = [ 1+ 1/5%In(M,/115) | * 50 GeV
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BSM Higgs Searches @ LHC



Imperial College

Standard Model and Supersymmetry

Standard Model does great job describing physics at weak scale,

but Hierarchy problem in Higgs sector

If Higgs boson is fundamental particle

i) there are no high-mass particles which couple to the Higgs field (even
indirectly)

ii) Striking cancellation are needed in high-order loop corrections to my,

SUSY at TeV scale elegant solution to hierarchy problem
- Introduces super-partners of SM particles and cancels problematic loop
corrections

Minimal supersymmetric extension of SM there are 2 scalar doublets @, @,
After EW symmetry breaking:

* h, H (scalar, CP-even)
S physical Higgs bosons * A (pseudo-scalar, CP-odd)
* H=* (charged)
B (VEVs): tan g =v,/v, [v2+v,2=v?=2M,?/(g,>+g,%) = (246 GeV)?]
 MSSM Higgs sector @ tree level determined by: M, & tanf
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MSSM: Neutral Higgs Production S el

e e
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Associated production:

bb® dominant process for large tanf D

mhmax scenario

go fusion: dominant at small & moderate tanf
compared to associated production. Mediated by top/
bottom loops (also stop/sbottom loops for M < 400 GeV)
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ATLASH+CMS: M@/I H _)ﬂ Imperial College

London
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MSSM: Charged nggs Production Imperial College

top quark decay

H" Decays
N < Light Charged Higgs

* Small tanf:

t SbH +X M <m H*—cs important
* Large tanf:
b H™—Ttv important

Associated production

gb - H't 3

<

b HT

Heavy Charged Higgs

pp—=thH +X M, .zm

t
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ATLASHCMS: MSSM Charged Higgs

t = bH" — bcs

large Emiss, >

high p,isolated lepton,

4 jets, >1 bjet,

m, consistent with W
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